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[57] ABSTRACT 

This invention describes compounds active against TNF-(X 
mRNA. It further describes mRNA molecules capable of 
conferring stability to RNA in vivo. Possible mRNA mol 
ecules to be stabilized include riboZymes, antisense mol 
ecules and mRNA encoding polypeptides useful for protein 
production. The riboZymes and antisense molecules 
described herein are useful in mammals and plants, particu 
larly suited for viral diseases. Methods of production and 
methods of use are also described. 

10 Claims, 11 Drawing Sheets 





U.S. Patent Mar. 21,2000 Sheet 2 0f 11 6,040,159 

“223 



U.S. Patent Mar. 21,2000 Sheet 3 0f 11 6,040,159 

Figma 3a, Figma 4% 

mama-0M0 000500-1050? #3, ‘a 

Fégm Sc? 

10 20 m m 5%}; 6;? :50 
Tinw ili‘iar Transfectinn- é‘iz} 



U.S. Patent Mar. 21, 2000 Sheet 4 0f 11 6,040,159 

com cm; 2: cm 0: 

_ _ _ 

_ _ _ _ 

__ wE>~onc lilsrtl m mE>~onc 

v mSmE 



Sheet 5 0f 11 6,040,159 

gm 

Mar. 21, 2000 

5 m 5%- 5 

U.S. Patent 



U.S. Patent Mar. 21,2000 Sheet 6 0f 11 6,040,159 

Figure 6a 

RIBOZYME 

CYTOPLASMIC 
MEMBRANE 

NUCLEAR 
MEMBRANE 



U.S. Patent Mar. 21, 2000 Sheet 7 0f 11 6,040,159 

gum 6h 



U.S. Patent Mar. 21,2000 Sheet 8 0f 11 6,040,159 

Fégwe ‘fa. 

Figure ‘11% FEQWE "5% 



U.S. Patent Mar. 21, 2000 Sheet 9 0f 11 6,040,159 



U.S. Patent Mar. 21,2000 Sheet 10 0f 11 6,040,159 

Figure 9 

(5 ID No.21) 10 2O - - 
'g'q-GGUGCAAUGCAA AUGA c ‘merleukm 2 

cos cucc u rlbOZYme 
GAC CAGG s (ILZR) 

-——-UUAAGAG MAG A 
40 30 

IL2R Linked 
to TNF~R 

1O 2O 30 4O 
s'GGUGCAAUGCAA AU -C ——-—GA GMA "-6 AAAA 
(Seq ID No.22) CUG GQGU CGU GGAC CA GAGA 

GGU CU'CA GCA CCUG GU CUCU G 
————— -—UUA}\ —C AA GGAGUG --—A AGU AGUA 

80 7O ' 60 SO 

\L2R Linked 
to TNF‘>< 
antisense 

(Seq ID No.23) 10 2O 30 4O 
5' -GGUGCAAUGCAACUGAUGAG GUGA A —A AGUUA 

UCC CG CG AACAGG 
AGG CC GU UUGUCU A 

"""""""""""" "UA ---U - CA AGUAG 

60 SO 
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TNF-ot RIBOZYMES AND DERIVATIVES 
CAPABLE OF DECREASING DEGRADATION 

OF MRNA IN VIVO 

This is a continuation of application Ser. No 07/971,058, 
?led Nov. 3, 1992 and noW abandoned. 

BACKGROUND OF THE INVENTION 

Throughout this application various publications are 
referred by arabic numerals to Within brackets. The disclo 
sures for these publications in their entireties are hereby 
incorporated by reference into this application to more fully 
describe the state of the art to Which this invention pertains. 

The discovery of RNA molecules that possess enZymatic, 
self-cleaving activity (riboZymes) has provided a neW Way 
to arti?cially control gene expression (Foster & Symons, 
(1987) Cell, 49: 585—591). RiboZymes have been designed 
that contain nearly all of the sequences required for cleav 
age. For the hammerhead type the target RNA needs to 
contain only the sequence XUX With cleavage occurring 3‘ 
from XUX (Haseloff & Gerlach, (1988) Nature, (London) 
334: 585—591; Perriman et al., Gene (1992) 113: 157—163). 
The high speci?city and limited target requirement give 
these catalytic RNA molecules the potential for inhibiting 
viral pathogens and for regulating speci?c gene expression 
by interfering With transcription in a highly speci?c manner 
(Uhlenbeck, (1987) Nature (London) 328: 596—600; 
Haseloff & Gerlach, (1988) Nature, (London) 334: 
585—591). 

Several reports indicate that the hammerhead type of 
riboZyme functions in living cells. Cotten & Birnstiel (1989, 
EMBO J., 8: 3861—3866) and Cameron & Jennings (1989, 
Proc. Natl. Acad. Sci., USA 86: 9139—9143) reported 
riboZyme-mediated destruction and loWering of speci?c 
gene expression in Xenopus laevis oocytes and monkey 
(COS1) cells, respectively. Sarver et al. (1990, Science, 247: 
1222—1225) shoWed that a riboZyme directed against HIV-1 
gag RNA reduced p24 antigen expression in CD4+ HeLa 
cells. Recently, this line of study Was extended to bacterial 
cells by shoWing that a riboZyme designed to cleave the 
integrase gene of HIV-1 is effective When transcribed from 
a plasmid in Escherichia coli. Integrase RNA Was elimi 
nated and integrase protein synthesis Was blocked (Sioud & 
Drlica, (1991) Proc. Natl. Acad. Sci., USA 88: 7303—7307). 
Since riboZymes are effective in vivo, problems of riboZyme 
stability and delivery may noW be addressed. 

To interfer With tumour necrosis factor 0t (TNF-ot) gene 
expression We have used cationic liposome-mediated trans 
fection (Malone et al., (1989) Proc. Natl. Acad. Sci., USA 
86: 6077—6081) to deliver a riboZyme directed against 
TNF-ot into human promyelocytic leukaemia cells (HL60) 
and peripheral blood mononuclear cells (PBMNC). TNF-ot 
plays an important role in many in?ammatory rheumatic 
diseases (Shinmei et al., (1989) Sem. Arth. Rheum. 18 
(suppl. 1) 27—32), and it modulates the expression of several 
proteins, including the class I antigens of the major histo 
compatibility complex (MHC) and cytokines such as inter 
leukin 1 and interleukin 6 (Beutler & Cerami, (1988) Annu. 
Rev. Biochem. 57: 505—518 and (1989) Annu. Rev. Immu 
nol. 7: 625—655). TNF-ot also appears to be necessary for 
normal immune responses, but large quantities of it can 
produce destructive effects such as those seen in rheumatoid 

arthritis (Brennan et al., (1989) Lancet ii 244—247). In 
addition, TNF-ot is the cytokine responsible for the induc 
tion of HIV-1 expression in ACH-2 cells (Rosenberg & 
Fauci, (1990) Immunol. Today 11: 176—180). TNF-ot 
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2 
induces the production of cellular factors that bind to the 
NF-KB enhancer elements Within the viral long terminal 
repeat sequences and thereby activates HIV-1 expression. 
The effectiveness of catalytic RNA molecules is depen 

dent on the stability of the mRNA in vivo. In comparison 
With the knoWledge of DNA structural elements, little is 
knoWn about mRNA stability elements. m-RNA half-lives 
range from less than 30 minutes for ?broblast interferon and 
c-fos to greater than 17 hours for [3 globin. Most eukaryotic 
mRNAs are protected in cells from exonuclease attack by 
the 5‘ cap structure and the 3‘poly(A) tail and poly(A) 
binding proteins. In addition, eukaryotic mRNAs have both 
5‘ and 3‘ non-coding regions on either side of the coding 
region. The 5‘ non-coding region is involved in the rate of 
initiation of translation of the mRNA to protein. The 3‘ 
non-coding region serves to initiate the formation of the 
poly(A) and can act to stabiliZe mRNA. (Baralle, F. E., Int. 
Rev. of Cytology (1983) 81: 71—106.) In particular, 3‘ 
non-coding iron-responsive elements have been identi?ed 
that modulate mRNA stability in the presence of iron. 
Another characteriZed motif is the AUUUA element respon 
sible for the rapid degradation of some cellular mRNAs, 
particularly cytokine mRNAs. (Saini, K. S. et al., Mol. Cel. 
Biochem. (1990) 96: 15—23; Ross, H. J. et al., Blood (1991) 
77: 1787—1795). Some have postulated that an initial endo 
nuclease attack is required, before rapid degradation can 
take place (Nielson, D. A. and Shapiro, D. J., Mol. Endo 
crinology (1990) 4: 953—957). 

There is a need for methods to extend the half-life of 
particular mRNAs in vivo for protein production and oli 
gonucleotide methods of gene control (antisense and triple 
helix) for use in plants and animals. Further, stabiliZing 
mRNA elements can be applied to riboZymes in addition to 
antisense oligonucleotides. 

SUMMARY OF THE INVENTION 

This invention describes compounds active against 
TNF-ot mRNA. It further describes mRNA molecules 
capable of conferring stability to RNA in vivo. Possible 
mRNA molecules to be stabiliZed include riboZymes, anti 
sense molecules and mRNA encoding polypeptides useful 
for protein production. The riboZymes and antisense mol 
ecules described herein are useful in mammals and plants, 
particularly suited for viral diseases. Methods of production 
and methods of use are also described. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1: Base-pairing of riboZyme A, B and II With TNF-ot 
RNA template (SEQ. ID. NO: 15—18) 
RiboZyme A is composed of the conserved riboZyme 

sequence as described by Haseloff & Gerlach (1988), the 5‘ 
and 3‘ ?anking sequences complementary to the TNF-ot 
RNA nucleotides 374 and 393: see Pennica et al., (Nature 
(1984) 312: 724—729) for numbering and bacteriophage T7 
transcription terminator With CU mispair (C) (Rosenberg et 
al., Gene (1987) 56: 125—135). RiboZyme B is identical to 
A except that it lacks the T7 transcription terminator. 
RiboZyme II is a shortened version of riboZyme B With 9 and 
11 base pair hybridiZing arms. Antisense RNA is identical to 
riboZyme A except that it has a single guanosine nucleotide 
in place of the catalytic domain. The anti-TNF-ot hammer 
head catalytic gene and antisense RNA control Were made as 
described by Sioud & Drlica ((1991) Proc. Natl. Acad. Sci., 
USA 88: 7303—7307). Brie?y, 2 overlapping half oligo 
nucleotides containing the sequences of a bacteriophage T7 
RNA polymerase promoter, the 5‘ and 3‘ recognition 
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sequences of the riboZyme, the catalytic domain and the T7 
transcription terminator Were synthesized (an XbaI restric 
tion site Was introduced betWeen the T7 terminator and the 
3‘ end of the riboZyme, and PruII and XhoI sites at the 5‘ and 
3‘ ends of the riboZyme sequences, respectively), hybridized 
and then extended With the KlenoW fragment of DNA 
polymerase. Following the extension, DNA Was extracted 
With phenol, precipitated With ethanol, gel puri?ed and then 
cloned into a SmaI cleaved pUC 18 vector. The sequences of 
the overlapping primers (Public Health Research Institute, 
NeW York 10016, NY.) used as folloWs: 

(1) RiboZyme primers: (SEQ. ID.: 19—22) 
5‘AACAGCTGTAATACGACTCACTATAGAG 
TACTAAGATGATCTCTGATGAGTCCGTG 
AGGACGAAACTGC3‘ and 

5‘TTCTCGAGAAAAAACCCTCAAGAC 
CCGTTTAGAGGCCCCAAGGGGTTATGTCTAGA 
CCAGGCAGTTTCGTCC3‘ 

(2) Antisense primers: 
5‘AACAGCTGTAATACGACTCACTATAGAG - 

TACTAAGATGATCTGACTGCCTGGTCTA G3‘ and 

5‘TTCTCGAGAAAAAACCCTCAAGAC 
CCGTTTAGAGGCCCCAAGGGGTTATGTCTAGA 
CCAGCA3‘. 

The underlined sequences resulted from the presence of 
restriction sites in the DNA template. RiboZyme II, unlike 
riboZyme A and B, lacks these sequences. Therefore, the 
restriction sequences are not required for stability. Yet, all 
three of these riboZymes are stable in vivo and bind protein. 

FIGS. 2a—2b: (2a) In vitro RNA transcripts and (2b) in 
vitro activity 

(2a) In vitro transcription of riboZymes A, B and TNF-o. 
antisense. RiboZymes and antisense RNA Were transcribed 
With T7 RNA polymerase from PAGE-puri?ed template 
DNA fragments cleaved from recombinant plasmids as 
described by (Uhlenbeck, 0., Nature (1987) 328: 596—600). 
RNA Was labelled internally With [a32P]CTP during tran 
scription. Transcription Was primed With 7-methyl gua 
nosine (5‘) triphospho (5‘) guanosine in all cases. Transcripts 
Were treated With DNAse (RNAse-free), extracted With 
phenol, precipitated With ethanol and then analyZed by 
electrophoresis in a 15% polyacrylamide gel containing 7 
M-urea. The lengths of riboZymes A, B and antisense are 97, 
49 and 76 nucleotides, respectively. (2b) Cleavage of TNF-ot 
RNA by PMA and ConA to express TNF-ot Whole cell RNA 
Was extracted and the RNA (20 pg) Was incubated With 1 pg 
of either riboZyme or antisense RNA for 60 min. at 50° C. 
RNA species Were then separated by gel electrophoresis and 
TNF-ot RNA Was identi?ed by Northern blotting (kb=103 
bases). 

FIGS. 3a—3c. RiboZyme stability folloWing transfection. 
The effect of bacteriophage T7 transcription terminator on 

RNA stability Was compared by cotransfecting HL60 cells 
With riboZymes A and B. Total RNA Was extracted and 
analyZed by electrophoresis in 15% (W/v) polyacrylamide 
gels containing 7 M-urea. While riboZyme A could be 
detected more than 72 hours post transfection, the amount of 
riboZyme B progressively declined (FIG. 3(a). The radio 
activity contained in each band Was then determined, and the 
results Were expressed as the percentage of the radioactivity 
at Zero time. FIG. 3(c) shoWs that riboZyme B decays more 
rapidly than riboZyme A. The residual radioactivity for 
riboZyme A and B 72 hours post transfection Was 57% and 
18% respectively. The stability of the antisense RNA control 
(riboZyme A lacking the catalytic domain) is similar to 
riboZyme A (data not shoWn). Thus, the addition of a 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
bacteriophage T7 terminator to the 3‘ end of a riboZyme 
increases it stability. 
The compartmentalisation of riboZyme A in HL60 cells 

Was also studied by analysis of cytoplasmic and nuclear 
RNAs. As shoWn in FIG. 3(b) (lanes N and C), riboZyme A 
is preferentially located in the nucleus. 

Ten million human HL60 cells (ATCC CCL 240), groW 
ing in log phase in RPMI 1640 supplemented With 20% (v/v) 
fetal calf serum (FCS), Were used for RNA transfection. 
Cells Were Washed tWice With serum-free medium. Adrop (5 
ml) of serum free medium Was added to polystyrene tubes 
folloWed by 35 pg of lipofectin (Bethesda Research 
Laboratories). 10 pg of carrier RNA coli. tRNA). 3><106 
disints min of 32p-labelled capped riboZyme A, B or anti 
sense RNA (5 pg). The mixture Was immediately mixed. The 
cells Were resuspended in a mixture of serum-free medium 
lipofectin/RNA/carrier RNA and returned to the incubator 
for 20 h. FolloWing transfection cells Were Washed 3 times 
With Hank’s buffered saline solution and then returned to the 
incubator With RPMI supplemented With 20% FCS. Cells 
(106) Were harvested at the times indicated above each lane, 
and total RNA Was prepared and analyZed by 15% poly 
acrylamide gel With 7 M-urea. The RNA samples used for 
transfection are indicated at the top of FIG. 3. RiboZyme B 
alone serves as a marker to indicate its position in 
co-transfection experiments. (b) Analysis of nuclear (N) and 
cytoplasmic (C) RNA. Asample (50 pM) of labelled, capped 
riboZyme AWas used to transfect HL60 cells for 20 h. Cells 
Were Washed 3 times, and the nuclear and cytoplasmic 
RNAs Were prepared and analyZed by gel electrophoresis. 
For preparation of cytoplasmic and nuclear fractions, the 
cells Were homogeniZed in 10 mM-Tris.HCl (pH 7.5). 5 
mM-KCl, 140 mM-NaCl, 5 mM-dithiothreitol and 0.49% 
(W/v) Nonidet P40 for 10 min at 4° C. and the nuclei Were 
collected by centrifugation at 800 g for 5 min. RNA in the 
supernatant ?uid Was precipitated and saved as the cyto 
plasmic fraction. The nuclei Were processed as described by 
ChomeZynski & Sacchi (1987, Anal. Biochem. 162: 
156—160) for total RNA preparation. The arroW indicated the 
position of riboZyme Amonomer. (c) one experiment shoW 
ing RNA quanti?cation. The run amount of radioactivity in 
the riboZyme bands shoWn in (a) Was determined and 
expressed as a percentage of the radioactivity present imme 
diately after 20 h transfection time. III RiboZyme A: Q 
riboZyme B. 

FIG. 4: Stability of riboZyme A, B and II in HL60 cells. 
Mean of more 50 experiments, riboZymes Were introduces 

to the cells using the DOTMA cationic liposome-mediated 
transfection. FolloWing transfection cells Were Washed and 
resuspended in complete media. Cells contained in 1 ml 
culture Were harvested at various times. Total RNA Was 
prepared and then analyZed by 15% polyacrylamide gel 
containing 7 M urea. The amount of riboZyme radioactivity 
Was normaliZed to actin mRNA or ribosomal RNA and then 
expressed as a percentage of the radioactivity present after 
16 hours post-transfection time. These experiments Were 
repeated 50 times at each time point as opposed to FIG. 3(c) 
Which Was just a single experiment. Further, reexamination 
of FIG. 3(c) shoWed parallel curves for riboZyme A and B 
indicating similar stability for riboZyme B. 

FIGS. 5a—5b. RiboZyme activity in vivo. 
RiboZymes and antisense RNA activities in HL60 cells 

(5a) Were analyZed after a transfection period (20 h). Fol 
loWing transfection With riboZyme Aor antisense RNA, cells 
Were stimulated for 6 h to express TNF-ot. RNA Was 
extracted, separated by gel electrophoresis through a 1—2% 
(W/v) agarose form-aldehyde gel, and detected by Northern 
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blotting With radioactive probe for the TNF-ot gene. After 
hybridization With TNF-ot probe, the ?lter Was stripped and 
then hybridized With an actin probe (British Biotechnology 
Limited), in the case of PBMNC. Cells Were separated 
(Sioud et al., 1990) and Washed 4 times with Hanks 
buffered saline solution and 3 times With serum-free 
medium. Cells (106) Were transfected and processed as 
HL60 cells. Lanes 1 and 4, controls (transfected only With 
carrier RNA); lane 2, antisense RNA; lanes 3 and 5, 
riboZyme A. This auto-radiogram Was overexposed to dis 
play the TNF-ot signal in riboZyme A lanes. (5b) Radioim 
munoassay to TNF-ot protein. The amount of TNF-ot protein 
present in the media Was determined using the TNF-ot [1251) 
assay system (Amersham). Lanes 1 to 5 correspond to lanes 
1 to 5 in FIG. 3(a) and (3b), respectively. 

FIGS. 6a—b: Immunostaining of the riboZyme B and II in 
HL60 cells. 

FIG. 6a shoWs digoxigenin conjugated uridine Was incor 
porated into the riboZymes during transcription. Cells Were 
transfected With Digoxigenin-conjugated riboZymes. Fol 
loWing transfection microscope slides Were prepared and 
then the riboZyme inside the cells Were detected With 
anti-Digoxigen-?uorescein Fab conjugate. FIG. 6b shoWs a 
photo of the ?uorescent cells. 

FIGS. 7a—c: Gel retardation assay of cytoplasmic extracts 
from HL60 cells and PBMNC With TNF-ot riboZymes II and 
B. 

7a) RiboZyme II Was incubated (lanes 2,3,4 and 5) (see 
beloW) or not (lane 1) With extract proteins an then analyZed 
by electrophoresis. Lanes 4 and 5 are as lanes 2 and 3 
respectively, but 20 units of RAsin Was added. All com 
plexes seen in lanes 4 and 5 could be seen in lanes 2 and 3 
(original ?lm). 

7b) 25 ng of TNF-o. riboZyme II Was generated by in vitro 
transcription as described previously (Sioud, et al., 1992) 
Was incubated at room temperature for 25 minutes With 
cytoplasmic extracts (CE) prepared from HL60 or PBMN 
cells as described in materials and methods. FolloWing 
incubation the protein riboZyme complexes Were separated 
by 4% polyacrylamide native gel. lane 1: control Without 
CE; lane 2: +5 ug CE from HL60 cells; lane 3: as lane 2, but 
in addition 1 ug of tRNA Was added; lane 4 as lane 3, but in 
addition 10 units of Rnase inhibitor Was added; lane 5 as 
lane 4, but before electrophoresis the sample Was treated 
With proteinase k; lane 6 as lane 1, but 5 ug of the CE from 
PBMN cells Was added; lane 7 as lane 6, but more 1 ug of 
tRNA Was added; lane 8 contains the riboZyme RNA recov 
ered from the high molecular complex (The complex Was 
excised from one preparative gel, the materials Were eluted 
and then phenol extracted. 

7c) gel retardation With riboZyme B: As panelA riboZyme 
B and incubated (lane 2) With 5 ug of CE prepared from 
HL60 cells. 

FIG. 8: Competition assays 
25 ng of riboZyme II Was incubated With 5 ug of cyto 

plasmic protein from HL60 cells or PBMN as described in 
FIG. 5. Lane 1 control Without CE, lane 2 as lane 1, but both 
5 ug of CE from HL60 cells and 2500 ng of polydCdI Were 
added; lane 3 as lane2, but instead of polydC dI 2500 ng of 
cold riboZyme Was added; lane 4 as lane 3, but 500 excess 
of cold riboZyme Was added; lane 5 as lane 1, but 5 ug of CE 
from PBMN cells Was added; lanes 6, 7, 8 as lane 5, but 300, 
400 or 500 of cold riboZyme Was added, respectively. 

FIG. 9: Secondary structure of interleukin 2 (IL-2) 
riboZyme and IL-2 riboZyme linked to the 5 end of TNF-ot 
riboZyme or antisense (SEQ. ID.: 23—25). 

FIGS. 10a—10c: Gel retardation assay of cytoplasmic 
extract With IL-2 riboZymes. 
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10a) 25 ng of IL-2 riboZyme generated by in vitro 

transcription Was incubated With CE from HL60 cells; lane 
1 control Without CE; lane 2 With CE from HL60 cells. 

10b) Instead of CE With HL60 cells, IL-2 riboZyme Was 
incubated With CE from PBNM cells (lane2). 

10c) 25 ng of the chimeric riboZyme (IL-2 linked to 
TNF-ot riboZyme) Was incubated (lanel) or not (lane2) With 
cytoplasmic proteins from PBMN cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention described herein relates to TFN-ot 
riboZymes or compounds having the structure (SEQ ID NO: 
1): 

Wherein each X represents a ribonucleotide or a deoxyribo 
nucleotide Which is the same or different and may be 
modi?ed or substituted in its sugar, phosphate or base; 
Wherein each of A, C, U, and G represents a ribonucleotide 
and a, c, u(t), and g represents a ribonucleotide or deoxyri 
bonucleotide Which may be unmodi?ed or modi?ed or 
substituted in its sugar, phosphate or base; Wherein each of 
(X), and represents an oligonucleotide having a pre 
determined sequence; Wherein each of n and n‘ represents an 
integer from 0 to 100; Wherein each * represents base pairing 
betWeen the nucleotides located on either side thereof; 
Wherein each solid line represents a chemical linkage pro 
viding covalent bonds betWeen the ribonucleotides located 
on either side thereof; Wherein a represents an integer Which 
de?nes a number of ribonucleotides With the proviso that a 
may be 0 or 1 and if 0, the A located 5‘ of (X)a is bonded to 
the X located 3‘ of (X)a; Wherein each of m and m‘ represents 
an integer Which is greater than or equal to 1 and typically 
less than 100; Wherein each of the dashed lines indepen 
dently represents either a chemical linkage providing cova 
lent bonds betWeen the nucleotides located on either side 
thereof or the absence of any such chemical linkage; and 
Wherein (X)b represents an oligonucleotide Which may be 
present or absent With the proviso that b represents an 
integer Which is greater than or equal to 2 if (X)b is present. 

Such compounds are targeted for cleaving the TNF-ot 
mRNA in vivo. Site directed mutagenesis in the hybridiZing 
arms ggu(t)ccgu(t)cA and u(t)cu(t)agu(t)agaa (SEQ ID NO: 
2) is possible provided that sufficient complementarity is 
maintained for that the compound hybridiZes to the TNF-ot 
mRNA in vivo. All RNA compounds are also part of the 
invention also compounds With DNA arms and an RNA 
catalytic region. 

Also part of the invention are compounds in Which or is absent. One form of the compound described 

above has the structure beloW (SEQ ID NO: 3): 
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Where the nucleotides are de?ned as above. An all RNA 
version of the compound is also described. Further the 
compound may have the structure (SEQ ID NO: 4): 

Wherein (X)n represents an oligoribonucleotide. 
The invention further includes a compound a multiple 

riboZyme having the structure: 

Wherein each Q represents the compound of claim 1 Which 
may be the same or different; Wherein each Z represents a 
ribonucleotide or a deoXyribonucleotide Which is the same 
or different and may be modi?ed or substituted in its sugar, 
phosphate or base; Wherein each of r and s represents an 
integer Which may be greater than or equal to 0; and Wherein 
Z represents an integer greater than or equal to 1. 

Further this invention relates to compounds and methods 
for increasing protein production by increasing the steady 
state level of mRNA by decreasing the rate of intracellular 
degradation of an mRNA of interest. Such compounds and 
methods are useful for increasing the stability, and therefore 
effectiveness, riboZymes and antisense RNA. The com 
pounds and methods of this invention also can be utiliZed to 
increase the production of proteins by increasing the quan 
tity of mRNA available to be transcribed. 

RiboZymes are RNAs capable of catalyZing RNA cleav 
age reactions. One simplest and most commonly used are the 
hammerhead type riboZymes Which contain a conserved 
catalytic domain and ?anking sequences that hybridiZe With 
the substrate RNA (Haseloff et al. PCT International Publi 
cation No WO 89/05852). Hammerhead riboZymes can be 
targeted against any RNA sequence that contain an XUX 
triplet amenable for cleavage. Several studies have demon 
strated the ability of these riboZymes to cleave a target RNA 
in vivo and suppress protein expression. Other classes of 
riboZymes are tetrahymena IVS (Group I Intron) (Cech et al. 
US. Pat. No. 4,740,463, issued Apr. 26, 1988), RNAse P 
(Altman et al. PCT International Publication No WO 
92/03566) and hairpin riboZymes (Hampel et al. Nuc. Acids 
Res. (1990) 18: 299—304). 

The stabiliZed mRNAs of the claimed invention may be 
further stabiliZed using methods in the literature for eXample 
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8 
the use transcription terminators on the 3‘ end such as the T7 

terminator, p-independent terminator, cry element (Gelfand 
et al. US. Pat. No. 4,666,848, issued May 19, 1987) or the 
TrpE terminator. Furthermore, sequences such as the poly 
(A) addition signal AATAAA may be added and strategies 
involving changing the length of the 3‘ non-coding region 
(see Gillies, US. Pat. No. 5,149,635, issued Sep. 22, 1992.) 
These techniques can be used to stabiliZe mRNA for 

riboZyme, antisense, or protein production purposes. 
Speci?cally, this invention encompasses RNA molecules 

capable of conferring stability on single stranded RNA 
represented by the and of interest Which have the 
structure (SEQ ID NO: 5): 

9% 

Wherein each X represents a ribonucleotide Which may be 

the same or different; Wherein each of and represents an oligonucleotide having a predetermined 

sequence; Wherein each of n and n‘ represents an integer 
from 0 to 1000; Wherein each * represents base pairing 
betWeen the ribonucleotides located on either side thereof; 
Wherein each solid line represents a chemical linkage pro 
viding covalent bonds betWeen the ribonucleotides located 
on either side thereof; Wherein a represents an integer Which 
de?nes a number of ribonucleotides With the proviso that a 

may be 0 or 1 and if 0, the A located 5‘ of (X)a is bonded to 
the X located 3‘ of (X)a; Wherein each of m and m‘ represents 
an integer Which is greater than or equal to 1; Wherein (X)b 
represents an oligoribonucleotide With the proviso that b 
represents an integer Which is greater than or equal to 2. 

Another embodiment of the invention is an RNA mol 
ecule having the structure (SEQ ID NO: 6): 

Wherein each X represents a ribonucleotide Which may be 
the same or different; Wherein G* may be present or absent; 
and and are as de?ned above. 

As described above site directed mutagenesis is possible 
in the GGUCCGUCA and UCUAGUAGAA (SEQ ID NO: 
7) respectively in either the TNF-ot riboZyme or the TNF-ot 
antisense structure. Because the arms are binding the RNA 
binding in vivo considerable variations are possible. Com 
pounds missing either the 3‘ or the 5‘ arm are also encom 
passed Within the invention describe herein. 

In one embodiment of the invention or encodes 

at least one riboZyme. The riboZyme may be a hairpin 
riboZyme, RNAase P, or more preferably a hammerhead 
riboZyme. In the case Wherein or encodes at least 
one hammerhead riboZyme it may have the structure (SEQ 
ID NO: 8): 
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wherein each of X and Y represents a ribonucleotide Which 
may be the same or different; Wherein each of (Y)p and (Y)? 
represents an oligonucleotide having a predetermined 
sequence Which is capable of hybridizing With an RNA 
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target sequence to be cleaved; Wherein each of p and p‘ 
represents an integer Which de?nes the number of ribonucle 
otides in the oligonucleotide With the proviso that the sum of 
p+p‘ is suf?cient to allow the riboZyme to hybridiZe With the 
RNA target sequence; Wherein each * represents base pair 
ing betWeen the ribonucleotides located on either side 
thereof: Wherein each solid line represents a chemical link 
age providing covalent bonds betWeen the ribonucleotides 
located on either side thereof; Wherein a represents an 
integer Which de?nes a number of ribonucleotides With the 
proviso that a may be 0 or 1 and if 0, the Alocated 5‘ of (X)a 
is bonded to the X located 3‘ of (X)a; Wherein each of m and 
m‘ represents an integer Which is greater than or equal to 1; 
Wherein (X)b represents an oligoribonucleotide With the 
proviso that b represents an integer Which is greater than or 
equal to 2. 

In embodiment of the invention the RNA molecule may 
have the folloWing structures (SEQ ID NO: 9,10): 

UCUAGUAGAAAAAGAGGACA AACGUAACGUG-S' 

3'-UUAAGGUCCGUCAGUCUAGUAGUUAAGAGGACA 

OT 

Additional embodiments of the invention may have the 
folloWing structures (SEQ ID NO: 11—13): 

AACGUAACGUGG-S' 
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-continued 

3'-UUAAGAGGACA AACGUAACGUGUUAAGGUCCGUCAGUCUAGUAGG-5' 
A C 

A \U\ 
G G 

c * G— \ \A 
A * U G—U 

G * C 

G * C 

A G 

For the speci?c IL-2 riboZymes above one With skill in the 
art Will recognize that one can change the AAA linker. 

Alternatively, or may have the structure: 

Wherein each Y represents a ribonucleotide or a deoXyribo 
nucleotide Which is the same or different and may be 
modi?ed or substituted in its sugar, phosphate or base; 
Wherein (Y)n and represent oligonucleotides in Which 
n and n‘ are integers Which de?ne the number of nucleotides 
in the oligonucleotides, such oligonucleotides having pre 
determined sequences suf?ciently complementary to a pre 
de?ned RNA target sequence to be cleaved to alloW hybrid 
iZation to the RNA target sequence, such prede?ned RNA 
target sequence not being present Within the compound; 
Wherein N may be adenine, guanine, cytosine or uracil; 
Wherein each solid line represents a chemical linkage pro 
viding covalent bonds betWeen the nucleotides located on 
either side thereof; Wherein M represents an integer from 2 
to 20; and Wherein none of the nucleotides (Y)m are Watson 
Crick base-paired to any other nucleotide Within the com 
pound. 

Another embodiment of the claimed invention the RNA 
molecule described above may also be used to stabiliZe an 
mRNA Which encodes a polypeptide. Particularly, the RNA 
compounds are useful for the production of proteins of 
industrial of commercial signi?cance. Many such proteins 
are either already available commercially or are under 
commercial development. Example such proteins include 
human and animal groWth hormones, tissue plasminogen 
activators, erythropoietin, and factor VIII. 

The invention may be employed to improve the produc 
tion of such protein in cell culture, particularly in animal cell 
culture such as in CHO cells groWn in culture and thereby 
reduce the substantial costs involved in commercial produc 
tion of such proteins. 

Another embodiment on the invention or a 

riboZyme capable of cleaving targets. Alternatively, or 
is an antisense sequence capable of hybridiZing to an 

RNA indigenous to a mammal or plant and thereby deacti 
vating it (for plants see SheWmaker et al. US. Pat. No. 
5,107,065, issued Apr. 21, 1992). Further, the targets for the 
riboZyme or antisense sequence may a viral gene including 
viral targets such as cytomegalovirus, hepatitis, herpes, HIV, 
EBV, papilloma virus, cytomegalovirus, rhinovirus, in?u 
enZa virus, varicella-Zoster virus, parain?uenZa virus, 
mumps virus, respiratory syncytial virus, adenovirus, 
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measles virus, rubella virus, human parvovirus, poliovirus, 
rotavirus, echovirus, arbovirus, human T cell leukemia 
lymphoma virus. 
The invention also embodies methods of production of the 

compounds and RNA molecules described above compris 
ing the steps of: (a) ligating into a transfer vector comprised 
of DNA, RNA or a combination thereof a nucleotide 
sequence corresponding to said compound; (b) transcribing 
the nucleotide sequence of step (a) With RNA polymerase; 
and (c) recovering the compound. The invention also 
includes transfer vectors, bacterial or phage, comprised of 
RNA or DNA or a combination thereof containing a nucle 
otide sequence Which on transcription gives rise to the 
compounds or RNA molecules described above. 

Further, many methods have been developed for intro 
ducing cloned eukaryotic DNAs into cultured mammalian 
cells (Sambrook et al. Molecular Cloning: A Laboratory 
Manual 2ed. Cold Spring Harbor Laboratory Press 1989): 

Calcium phosphate- or DEAE-deXtran-mediated transfec 
tion; 

Polybrene; 
Protoplast fusion; 
Electroporation; and 
Direct microinjection into nuclei. 
The invention provides a method of treating a disorder 

associated With over expression of TNF-ot Which comprises 
administering to a subject an effective amount of the TNF-ot 
so as to reduce the overeXpression of TNF-ot and thereby 
treat the disorder. Such disorders include rheumatic arthritis, 
AIDS, and autoimmune diseases. 

The invention also provides a method of cleavage or 
deactivation of a speci?c RNA target sequence using the 
RNA molecules described above. Such RNA sequences may 
be indigenous to a mammal or a plant. It is particularly 
suited for targetting viral genes such as HIV (see Goodchild 
et al. US. Pat. No. 4,806,463, issued Feb. 21, 1989). 

In the compounds and methods described herein the 
respective 5‘ and 3‘ termini of the groups and may 
be modi?ed to stabiliZe the endonuclease from degradation. 
For eXample, blocking groups may be added to prevent 
terminal nucleases attack, in particular 3‘—5‘ progressive 
eXonuclease activity. By Way of eXample, blocking groups 
may be selected from optionally substituted alkyl, optionally 
substituted phenyl, optionally substituted alkanoyl. Optional 
substituents may be selected from C1—C5 alkoXy and the 
like. Alternatively, nucleotide analogues such as 
phosphothioates, methylphosphonates or phosphoramidates 
or nucleoside derivatives (such as ot-anomers of the ribose 
moiety) Which are resistant to nuclease attack may be 
employed as terminal blocking groups. 

Alternatively, non nucleic acid groups Which alter the 
susceptibility of the endonuclease molecule to other 



6,040,159 
13 

nucleases may be inserted into the 3‘ and/or 5‘ end of the 
endonuclease. For example, 9-amino-acridine attached to 
the endonuclease may act as a terminal blocking group to 
generate resistance to nuclease attack on the endonuclease 
molecules and/or as an intercalating agent to aid endonucle 
olytic activity. It Will be readily appreciated that a variety of 
other chemical groups, e. g. spermine or spermidine could be 
used in a related manner. 

Endonucleases of this invention may be covalently or 
non-covalently associated With af?nity agents such as 
proteins, steroids, hormones, lipids, nucleic acid sequences, 
intercalating molecules (such as acridine derivatives, for 
example 9-amino acridine) or the like to modify binding 
af?nity for a substrate nucleotide sequence or increase 
af?nity for target cells, or localiZation in cellular compart 
ments or the like. For example, the endonucleases of the 
present invention may be associated With RNA binding 
peptides or proteins Which may assist in bringing the endo 
nuclease into juxtaposition With a target nucleic acid such 
that hybridiZation and cleavage of the target sequence may 
take place. Nucleotide sequences may be incorporated into 
the 5‘ and 3‘ ends of the groups and to increase 
af?nity for substrates. Such additional nucleotide sequences 
may form triple helices With target sequences (Strobel, S. A., 
et al., (1991) Nature 350: 172—174 and references therein 
Which are incorporated by reference) Which may enable 
interaction With intramolecularly folded substrate. 
Alternatively, modi?ed bases (non-natural or modi?ed bases 
as described in Principles of Nucleic Acid Structure, Supra) 
bases Within the additional nucleotide sequences may be 
used that Will associate With either single stranded or duplex 
DNA generating base pair, triplet, or quadruplet, interactions 
With nucleotides in the substrate. Suitable bases Would 
include inosine, 5‘- methylcytosine, 5‘-bromouracil and 
other such bases as are Well knoWn in the art, as described, 
for example, in Principles of Nucleic Acid Structure, Supra. 

Synthetic preparations of mRNA are Well knoWn (see 
Sambrook et al. Molecular Cloning: A Laboratory Manual 
2ed. Cold Spring Harbor Laboratory Press 1989). Mixed 
DNA-RNA oligomers With modi?ed base pairs for the 
TNF-ot riboZyme can be prepared by commercially available 
DNA synthesiZers such as those produced by Applied 
Biosystems, Biosearch, or Milligen(see, e.g., Perrault et al, 
Nature, 344: 565—567 (1990, for derivatives Uhlmann, E. 
and Peyman, A. Chemical RevieWs (1990) 90: 543—584, 
H-phosphonate monomers see AgraWal et al US. Pat. No. 

5,149,798). 
An “effective amount” as used herein refers to that 

amount Which provides a desired effect in a mammal having 
given condition and administration regimen. Compositions 
comprising effective amounts together With suitable 
diluents, preservatives, solubiliZers, emulsi?ers, adjuvants 
and/or carriers useful for therapy. Such compositions are 
liquids or lyophiliZed or otherWise dried formulations and 
include diluents of various buffer content (e.g., Tris-HCL, 
acetate phosphate), pH and ionic strength, additives such as 
albumin or gelatin to prevent absorption to surfaces, deter 
gents (e.g., TWeen 20, TWeen 80, Pluronic F68, bile acid 
salts), solubiliZing agents (e. g., Thimerosal, benZyl alcohol), 
bulking substances or tonicity modi?ers (e.g., lactose, 
mannitol), covalent attachment of polymers such as poly 
ethylene glycol to the oligonucleotide, complexation With 
metal ions, or incorporation of the material into or onto 
particulate preparations of polymeric compounds such as 
polylactic acid, polyglycolic acid, polyvinyl pyrrolidone, 
etc. or into liposomes, microemulsions, micelles, unilamel 
lar or multimellar vesicles, erythrocyte ghosts, or sphero 
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14 
plasts. Such compositions Will in?uence the physical state, 
solubility, stability, rate of in vivo release, and rate of in vivo 
clearance of the oligonucleotide. Other ingredients option 
ally may be added such as antioxidants, e.g., ascorbic acid; 
loW molecular Weight (less than about ten residues) 
polypeptides, i.e., polyarginine or tripeptides; proteins, such 
as serum albumin, gelatin, or immunoglobulins; amino 
acids; such as glycine, glutamine acid, aspartic acid, or 
arginine; chelating agents such as EDTA; and sugar alcohols 
such as mannitol or sorbitol. Possible sustained release 
compositions include formulation of lipophilic depots (e.g., 
fatty acids, Waxes, oils). Also comprehended by the inven 
tion are particulate compositions coated With polymers (e. g., 
polyoxamers or polyoxamines) and oligonucleotides 
coupled to antibodies directed against tissue-speci?c 
receptors, ligands or antigens or coupled to ligands of 
tissue-speci?c receptors. Further, speci?c nucleotide 
sequences may be added to target the oligonucleotides of 
this invention to the nucleus, cytoplasm or to speci?c types 
of cells. Other embodiments of the compositions of the 
invention incorporate particulate forms protective coatings, 
protease inhibitors or permeation enhancers for various 
routes of administration, including parenteral, pulmonary, 
nasal and oral. 

Suitable topical formulations include gels, creams, 
solutions, emulsions, carbohydrate polymers, biodegradable 
matrices thereof; vapors, mists, a aerosols, or other inhal 
ants. The oligonucleotides may be encapsulated in a Wafer, 
Wax, ?lm or solid carrier, including cheWing gums. Perme 
ation enhancers to aid in transport to movement across the 
epithelial layer are also knoWn in the art and include, but are 
not limited to, dimethyl sulfoxide and glycols. 

This invention is illustrated in the Experimental Detail 
section Which folloW. These sections are set forth to aid in 
an understanding of the invention but are not intended to, 
and should not be construed to, limit in any Way the 
invention as set forth in the claims Which folloW thereafter. 

EXPERIMENTAL DETAILS 
Targeted RiboZymes Cut TNF-ot RNA in Vitro 

Three hammerhead riboZymes (Haseloff & Gerlach, 
1988) designed to cleave the TNF-ot RNA is shoWn in FIG. 
1. Their in vitro activities Were studied using as target total 
RNA extracted from PBMNC after stimulation of TNF-ot 
gene transcription by phorbol 12-myristate 13-acetate 
(PMA) and concanavalin A (Con A) as described by English 
et al. (1991). RiboZyme A contained a bacteriophage T7 
terminator at its 3‘ end While riboZyme B did not. RiboZyme 
II lacked the underlined restriction sites. FIG. 2 shoWs 
RiboZyme-mediated RNA cleavage Was assayed by gel 
electrophoresis and Northern blot hybridiZation using 
TNF-ot probe. The TNF-ot RNA fragments cut by riboZyme 
cleaved the approximately 1800 nucleotide-long target RNA 
into fragments of 1420 and 380 nucleotides. The siZes of the 
TNF-ot fragments of the TNF-ot fragments produced by the 
riboZymes Were consistent With the location of predicted site 
for cleavage. Thus, riboZymes A and B cleave the TNF-ot 
target in vitro in the presence of unrelated RNAs. 
Stability of RiboZymes A, B, and II in Living Cells 

Stability of riboZyme A, B and II in living cells is shoWn 
in FIGS. 3 and 4. Since the cell membrane presents a 
substantial barrier to the entry of highly charged, high 
molecular Weight molecules, delivering them to the cyto 
plasm is a major task. To overcome this, transfection tech 
niques such as cationic liposome-mediated transfection 
(Malone et al., (1989) Proc. Natl. Acad. Sci., USA 86: 
6077—6081), electroporation (Callis et al., (1987) Nucl. 
Acids. Res. 15: 5823—5831) and microinjection (Rosa et al., 
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(1989) J. Cell. Biol. 109: 17—34) have been developed. Since 
the liposome-based method appears to be the most versatile, 
its ability Was tested to deliver enough functional riboZyme 
to successfully cleave TNF-ot RNA. 

The ef?ciency of RNA transfection Was ?rst measured in 
HL60 cells, as determined by measurement of cell 
associated intact 32p-labelled RNA. Following transfection 
With riboZymes, cells Were Washed with Hanks buffered salt 
solution (GIBCO). Total RNA Was prepared from cells and 
the RNA species Were separated by gel electrophoresis. The 
radioactivity contained in the riboZyme RNAbands Was then 
determined. The results indicate that the radioactive bands 
varied from 2 to 4% of the initial RNA added to the 
liposomes during the transfection period of betWeen 8 and 
20 hours. This corresponds to a delivery of approximately 
300,00 molecules of riboZyme A per cell. 

FIG. 4 shoWs stability of riboZymes A, B, and II. Ten 
million human HL60 cells (ATCC CCL 240), groWing in log 
phase in RPMI 1640 supplemented With 20% (v/v) fetal calf 
serum (FCS), Were used for RNA transfection. Cells Were 
Washed tWice With serum-free medium. A drop (5 ml) of 
serum free medium Was added to polystyrene tubes folloWed 
by 35 pg of lipofectin (Bethesda Research Laboratories). 10 
pg of carrier RNA coli. tRNA). 3><106 disints min of 
32p-labelled capped riboZyme A, B or II (5 pig). The mixture 
Was immediately mixed. The cells Were resuspended in a 
mixture of serum-free medium lipofectin/RNA/carrier RNA 
and returned to the incubator for 20 h. FolloWing transfec 
tion cells Were Washed 3 times with Hanks buffered saline 
solution and then returned to the incubator With RPMI 
supplemented With 20% FCS. Cells (106) Were harvested at 
the times indicated above each lane, and total RNA Was 
prepared and analyZed by 15% polyacrylamide gel With 7 
M-urea. The RNA samples used for transfection are indi 
cated at the top of FIG. 4. A sample (50 pM) of labelled, 
capped riboZyme AWas used to transfect HL60 cells for 20 
h. Cells Were Washed 3 times, and the nuclear and cytoplas 
mic RNAs Were prepared and analyZed by gel electrophore 
sis. For preparation of cytoplasmic and nuclear fractions, the 
cells Were homogeniZed in 10 mM-Tris.HCl (pH 7-5). 5 
mM-KCl, 140 mM-NaCl, 5 mM-dithiothreitol and 04% 
(W/v) Nonidet P40 for 10 min at 4° C. and the nuclei Were 
collected by centrifugation at 800 g for 5 min. RNA in the 
supernatant ?uid Was precipitated and saved as the cyto 
plasmic fraction. The nuclei Were processed as described by 
ChomeZynski & Sacchi (Anal. Biochem (1987) 162: 
15 6—160) for total RNA preparation. The arroW indicated the 
position of riboZyme A monomer. RNA quanti?cation. The 
amount of radioactivity in the riboZyme bands shoWn in (a) 
Was determined and expressed as a percentage of the radio 
activity present immediately after 20 h transfection time. 
FIG. 5 ShoWs Activity of RiboZymes in Vivo 

RiboZymes and antisense RNA activities in HL60 cells (a) 
Were analyZed after a transfection period (20 h). FolloWing 
transfection With riboZyme A or antisense RNA, cells Were 
stimulated for 6 h to express TNF-ot. RNA Was extracted, 
separated by gel electrophoresis through a 1—2% (W/v) 
agarose form-aldehyde gel, and detected by Northern blot 
ting With radioactive probe for the TNF-ot gene. After 
hybridiZation With RNAO. probe, the ?lter Was stripped and 
then hybridiZed With an actin probe (British Biotechnology 
Limited). In the case of PBMNC. (b) cells Were separated 
(Sioud et al., Scand. J. Immunol. (1990 31: 415—421) and 
Washed 4 times with Hanks buffered saline solution and 3 
times With serum-free medium. Cells (106) Were transfected 
and processed as HL60 cells. Lanes 1 and 4, controls 
(transfected only With carrier RNA); lane 2, antisense RNA; 
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16 
lanes 3 and 5, riboZyme A. This auto-radiogram Was over 
exposed to display the TNF-ot signal in riboZyme Alanes. (c) 
Radioimmunoassay to TNF-ot protein. The amount of 
TNF-ot protein present in the media Was determined using 
the TNF-ot [1251) assay system (Amersham). Lanes 1 to 5 
correspond to lanes 1 to 5 in FIG. 5(a) and (b), respectively. 
Destruction of Endogenous TNF-ot RNA in Vivo by 
RiboZymes 

Experiments Were performed to determine if riboZyme A 
could eliminate its target folloWing RNA transfection. A 
preliminary time-course study of TNF-ot RNA synthesis in 
HL60 cells indicated that TNF-ot RNA could be detected 
after tWo hours of stimulation by PMA and ConA, reaching 
maximal expression after four to six hours. Cells Were 
transfected With riboZymes, stimulated With PMA and ConA 
for six hours, and total RNA Was extracted and analyZed by 
Northern blotting using a TNF-ot probe. Since the TNF-ot 
and actin mRNA have approximately the same electro 
phoretic mobility, the same blot Was hybridiZed With the 
actin probe after stripping. Data derived from densitometric 
scans of underexposed ?lm indicated that the TNF-ot signal 
Was reduced by 40% (FIG. 5(a), antisense lane) and 90% 
(FIG. 3(a), riboZyme Alane). In addition, a radioimmunoas 
say Was used to measure TNF-ot protein in the culture 
medium. This system has major advantages over bio-assays 
in that it is speci?c for TNF-ot. The data indicates that HL60 
stimulated With PMA and ConA secrete as much as 1000 
fmol of TNF-ot per ml but only 150 and 400 When cells are 
transfected With riboZyme A and antisense, respectively 
(FIG. 5(b)). 

Since the effect of antisense RNA is less than that of 
riboZyme A and since both riboZyme A and the antisense 
RNA Were present inside the cells at similar concentrations 
(data not shoWn), We suggest that part of the activity of 
riboZyme A is due to its ability to cleave RNA. RiboZyme 
mediated RNA cleavage in vivo has been observed in 
eukaryotic cells (Saxena & Ackerman, J. Biol. Chem. (1990) 
265: 17106—17109). 

In this case no cleavage products Were seen. As suggested 
previously (Cotten & Birnstiel, 1989; Sarver et al., 1990; 
Sioud & Drlica, 1991) the products of riboZyme-mediated 
cleavage are probably degraded by cellular nucleases (the 5‘ 
fragment, although capped at its 5‘ end, is expected to be 
rapidly degraded by 3‘—>5‘ exonucleases). 
The same conditions Were used to deliver riboZyme A to 

PBMNC. As can be seen from FIG. 5(a) and (b), riboZyme 
A reduced the amount of TNF-ot RNA by 80% and the 
TNF-ot protein by 70% raising the possibility that liposome 
mediated RNA transfection offers a Way to deliver 
riboZymes to Wide variety of cell types. During analysis, 
riboZyme B appears to induce a similar reduction in TNF-ot 
mRNA as riboZyme A (data not shoWn). Thus, the addition 
of T7 transcription terminator may decrease the speci?c 
activity of riboZyme A. 
FIG. 6 ShoWs Cellular Distribution of TNF-ot RiboZymes 
The TNF-ot riboZymes (FIG. 1) Were unusually stable. 

They could be detected inside human cells for seven days, 
While normally, the riboZymes are unstable in human cells 
see FIG. 4. Although a cell fractionation study indicated that 
TNF-ot riboZymes can be recovered from the cell, it did not 
address the possibility that a major portion of the riboZyme 
Was sequestered in places inaccessible to cellular nucleases. 
To address this question cells Were transfected With Digoxi 
genin labelled riboZymes. After 72 hours post transfection 
microscope slides Were prepared and then the riboZyme 
Were detected by anti-Digoxigen-?uoreceinFab conjugate as 
describe in materials and methods. Data present in FIGS. 5 


















